Introduction
Prediction of greenhouse warming depends on knowledge of how clouds and atmospheric moisture interact with the surface and the general circulation of the atmosphere, a subject which has been widely debated [Charney, 1975; Lindzen, 1990; Ramanathan and Collins, 1991] [Charney, 1975] . Intriguingly, the observations show a common critical surface temperature for both oceans and land; the distribution of atmospheric moisture is observed to reach a maximum value when the daily values of skin surface temperature approach 304 -+ 1 K.
Observations
The [Chahine, 1974; Susskind and Reuter, 1985; Wu and Susskind, 1990; Barnett et al., 1991] . An important limitation of this data set is that it does not contain the cloud properties in the visible part of the spectrum, because the visible channel on the HIRS instrument was not calibrated. , 1987; Raval and Ramanathan, 1989; Ramanathan and Collins, 1991 ; Rind et al., 1991 ; Fu et al., 1992 ; Wallace, 
Hot Desert Spots
The data shown in Figures  3 and 4 [Charney et al., 1977; Walker and Rowntree, 1977; Shukla and Mintz, 1982; Cunnington and Rowntree, 1986] which showed that surface aridity and the accompanied subsidence and low atmospheric humidity contribute to the persistence of desert conditions. Figure 5 . Calculated daytime outgoing longwave radiation (OLR) at the top of the atmosphere for the cases of the warm ocean pools and the hot desert spots discussed in Figures 1 and 3 . The clear-sky OLR, the (observed) cloudy-sky OLR, and their difference (the cloud forcing) are shown in Figures 5a and 5b . The atmospheric greenhouse warming, defined as the difference between the surface emission _rT4 and the OLR, is shown in Figure 5c for clear-sky conditions and in Figure 5d for cloudy-sky conditions. (The data are binned uniformly at I°C for both ocean and land.) ern Pacific warm pools, the results obtained over the hot desert spots showed dependence on seasons, but no reversal in trends even when seasonal variations in insolation reduced the maximum LST of desert hot spots to less than 310 K. The dependence on seasons is to be expected because most desert regions are located near descending branches of Hadley cells, which vary with seasons and sometimes become weak and even vanish. Thus the stability of the observed trends must be maintained by the surface conditions.
Longwave Fluxes
A one-dimensional low-resolution radiation model [Kneizys et al., 1988] , LOWTRAN 7, was used to examine the relationship between longwave fluxes and surface temperature on the basis of the temperature, moisture, and cloud data derived for this study. The cloud infrared opacity was assumed constant across the spectrum. The specific humidity profile (in grams per kilogram) was determined under the assumption that the relative humidity is constant in each of the four observed layers and a fixed value of 0.002 g/kg was assumed above 100 mbar. The use of different linear approximations to derive the distribution of specific humidity within each layer had a very small effect on the calculated outgoing longwave radiation (OLR) (in the range of 0. I%) provided that the observed amount of precipitable water vapor in each layer is conserved.
Note that the data used for the flux computations shown in Figure 5 were binned uniformly at I°C for both ocean and land, similar to Table I .
The contrast in the cloud-moisture relationships over ocean and desert regions, illustrated in Figure 5 , is very striking. Over the ocean the OLR for clear-sky conditions increased with increasing SST from 290 to 300 K, leveling off at 300 K in spite of the increased surface emission ( Figure  5a ). This is a result of the sharp rise in atmospheric moisture above 300 K, resulting in enhanced atmospheric absorption at the expense of OLR. By contrast, hot desert spots ( Figure  5b ) show a continuous increase in OLR which is directly traceable to the sharp increase in the desert surface temperature (the temperature lapse-rate effect) and the simultaneous decrease in water vapor absorption.
The atmospheric greenhouse warming is defined as the difference between surface emission (_rT 4) and OLR. This difference increased with surface temperature for both ocean and land but for different reasons. Over deserts, while the fraction of the surface emission absorbed by the atmosphere decreased because of reduced moisture, the emission from the surface increased much faster (as o'T4), resulting in a net increase in the atmospheric greenhouse warming (Figure 5c ).
It is very interesting to note that for clear-sky conditions the atmospheric greenhouse warming is nearly identical over both land and ocean for the same surface temperatures between 290 and 304 K. The infrared cloud effect, shown in Figure 5d , amplified the atmospheric greenhouse warming even further, especially over the ocean.
Discussion
Although the use of observations to study and understand climate feedback processes is indispensable, it is generally impossible to separate causes and effects without the appli- 
